new science, the research objectives of data science are different from those of other, more established branches of science. In addition, the scientific issues that data science addresses are not studied by natural or social sciences.
Our team has worked on data technology and research projects funded by Chinese government since 1998, and we have applied our work to life science, healthcare, finance, transportation, and other fields (Table 1) . Over the years, we have noticed a number of common issues related to data in scientific research and industrial applications, most notably the similarity of data objects. We have come to realize that there is a considerable need to conduct research specifically on the data itself, and we started to explore concept of data science in 2009 9 . Since 2010, we have hosted the annual International Symposium on Data Science and Dataology (iwdds.fudan.edu.cn). The symposium provides us with forum for the discussion of data science issues with scientists involved in computer science, life sciences, astronomy, and other fields.
Over the past 16 years, our understanding of data science has taken more solid shape. We believe that data in cyberspace have formed what we call datanature 9, 10 . Data science is the scientific research of datanature.
There are several current viewpoints on data science.
VP1: Data science is the science of studying scientific data. showed that before the American Civil War, the two phrases were used at roughly equal frequency, but after the Civil War, the latter became far more common than the former. This is seen as indicative of the levels of acceptance by the public of the United States as a unified nation before and after the Civil War.
From this point of view, data mainly refer to data generated and used in scientific studies. This emphasizes that data science is the management, processing, and use of scientific data to support scientific research, i.e., the currently commonly known data-intensive scientific research or fourth paradigm of scientific research 4 .
VP2: Data science is the science of studying business data.
In 2010, Loukides discussed what data science is, arguing that data science should enable the creation of data products rather than working as a simple application with data 5 . In 2013, Provost et al. pointed out, "extracting knowledge from data to solve business problems" is one of the fundamental concepts of data science 7 .
Providing support for BI methodology research makes up a significant portion of the work performed by many data scientists. process and analyze data, they are all a natural part of data science.
VP4:
The purpose of data science is to solve scientific and business problems by extracting knowledge from data.
In 2013, Dhar discussed the implications of data science from a business and research standpoint 3 . He defined data science as "the study of the generalizable extraction of knowledge from data" 3 . He also pointed out that a data scientist needs to have comprehensive skills covering statistics, machine learning, AI, and database management and have a deep understanding of problem design. This viewpoint can be seen as an integration of the first three viewpoints.
What is data science?
The basic ideas underlying the definitions given above are that data science is used to acquire knowledge from data in some relevant fields and to provide support for existing scientific research and management decision-making schema. However, all work described above is still not enough to establish data science as a new, unique branch of science. This is because the objects of their study are things in the natural world, and their research issues are also addressed in existing scientific fields.
With the development of digital equipment, things in the natural world are increasingly being stored in cyberspace in the form of data. Data are entered, generated, and created in cyberspace The formation of datanature has produced new objects of study and new scientific issues.
These new objects of study are not things that exist in the natural world or in human society but rather in datanature, i.e., data. There are new scientific issues about datanature. What size is datanature? What is the growth rate of global data? How do the data flow in cyberspace? How should the authenticity of datanature be determined? None of these issues are addressed by the natural or social sciences. These new scientific issues need to be studied by a new science.
Data science is the science of studying datanature and the science of data itself. On a basic level, it involves extracting knowledge from data. Because some of the data in datanature do represent real things, the knowledge acquired from these data can be used for natural and social science. This type of work is considered as data science according to VP1-VP4. However, it is only one part of data science research.
Data science is here defined as follows:
Data science is the theory, method, and technology of studying datanature. It has two main components.
The first component is the study of the patterns and rules of data itself. Its goal is to explore datanature and scientific issues related to datanature. This does not take into account the meaning of the data in the natural world.
The second component is the study of the rules of the natural world as reflected by data, i.e., the study the natural world performed through the study of data. For example, the purpose of performing a study on data representing a person's behavior is to study that person's behavior.
As mentioned above, studies on data have been under way for some time, and data techniques such as data mining have been developed. However, the data science research community needs to establish fundamental theory and basic methods for scientific observation and measurement and to further develop data techniques. Figure 2 shows the main topics of data science. 
Conclusions
Data science is gaining more and more and widespread attention, but no consensus viewpoint on what data science is has emerged. As a new science, its objects of study and scientific issues should not be covered by established sciences. In the present paper, data science is defined as the science of exploring datanature. We believe this is the most logical and accurate definition of data science, and it includes key parts of definitions VP1-VP4.
